Introduction {#S0001}
============

Diffuse large B cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin lymphoma (NHL). Thirty-one percent of all NHLs and 80% of aggressive lymphomas are DLBCL, which is generally seen in the 6^th^ and 7^th^ decades of life \[[@CIT0001], [@CIT0002]\]. Prognostic factors in DLBCL are age, performance score, stage, proliferation fraction and gene expression profiles \[[@CIT0003], [@CIT0004]\]. Today, the International Prognostic Index (IPI) and age-adjusted International Prognostic Index (aaIPI) are the most important scores used in daily practice to determine the prognosis and treatment strategies. The IPI scoring system includes age, performance status, serum lactate dehydrogenase (LDH) level, stage and extranodal involvement; the aaIPI includes stage, LDH, performance status and age older than 60 years.

In the last decade, the standard of care in patients with DLBCL has been the addition of anti-CD20 antibody-rituximab to classic cytotoxic chemotherapy. More sophisticated methods and drugs targeting oncogenic pathways and gene expression profiles have been used to predict the prognosis and response to therapy in recent years \[[@CIT0005]--[@CIT0007]\]. Although gender has not been included in prognostic systems, male gender has been found to be a bad prognostic indicator in Hodgkin lymphoma, follicular lymphoma and chronic lymphocytic leukemia \[[@CIT0008]--[@CIT0010]\]. However, the prognostic significance of gender has not been shown in all studies \[[@CIT0011], [@CIT0012]\].

The aim of this meta-analysis was to determine the prognostic/predictive role of gender in patients with DLBCL treated with rituximab-containing regimens.

Material and methods {#S0002}
====================

Research strategy {#S20003}
-----------------

A computer-based literature search using the PubMed/Medline database was performed by two independent researchers (VK, OD). The initial PubMed search using the combined term (rituximab) and (lymphoma, large B-cell, diffuse) resulted in 1520 returns up to August 7, 2013. Only English language and human studies were included in this analysis. Full text articles of all selected studies were retrieved. If a paper was selected for inclusion, the bibliographic references were carefully investigated to look for additional studies.

Inclusion and exclusion criteria {#S20004}
--------------------------------

Prospective and retrospective randomized controlled studies involved patients older than 18 years who were treated according to rituximab-containing regimens. Case reports and series, letters, commentaries, lymphoma series including those other than DLBCLs and studies not containing an effect size for survival according to gender were not included.

Selection of studies {#S20005}
--------------------

Two independent reviewers decided which studies to include (MY, SP). The abstracts of all papers found to be appropriate for meta-analysis were read. The full texts of the candidate papers for this analysis were evaluated. Patients with DLBCL treated with rituximab-containing regimens were included in this analysis. If the patients had been included in different studies by the same author, the higher quality study was considered for this meta-analysis.

Assessment of study quality {#S20006}
---------------------------

The Newcastle-Ottawa Quality Assessment Scale was used for the evaluation of non-randomized controlled studies and the Jadad scoring system was used for the evaluation of randomized controlled studies by two independent reviewers (MY, VK). The Newcastle-Ottawa Quality Assessment Scale is used to determine the choice of patient population, comparability, follow-up and results of the studies. For these criteria studies are scored with stars between 0 and 9. A score of nine stars indicates the highest quality \[[@CIT0013]\]. The Jadad scoring system is based on 5 stars \[[@CIT0014]\]. Discrepancies between the authors after evaluations were re-evaluated and consensus was reached for all data.

Data extraction {#S20007}
---------------

For studies evaluating gender and rituximab-containing regimens in cases of NHL treated with rituximab-containing regimens, the following variables were extracted: essential data about study, author, publication year, country of study, design of the study, demographic data, gender distribution, treatment schedules, stage, and effect size of gender on the overall survival (OS), disease-free survival (DFS) and event-free survival (EFS).

Statistical analysis {#S20008}
--------------------

The primary aim of this study was to analyze the effect of gender on the OS in patients with DLBCL treated with rituximab-containing regimens. Disease-free survival and EFS were also analyzed. Hazard ratio (HR) was calculated with a 95% confidence interval (CI). Hr \> 1 and not including 95% coincidence interval 1 were considered as significant. If there was no HR, summary statistics were used. Homogeneity was evaluated using the χ^2^-based test of homogeneity and inconsistency index. A *p*-value \< 0.10 for χ^2^ or *I* ^2^ \> 50% was accepted as heterogeneity. Results were given using a fixed model. A *p*-value for summary HR of less than 0.05 was considered statistically significant. Publication bias was examined using Egger\'s regression intercept, Begg-Mazumdar rank correlation analysis, and a visual inspection of a funnel plot \[[@CIT0015], [@CIT0016]\]. Statistical analyses were performed using Comprehensive Metaanalysis V 2.0 (Biostat, Englewood, NJ).

Results {#S0009}
=======

Study eligibility {#S20010}
-----------------

The computer-based literature search using PubMed/Medline resulted in 1520 articles. Evaluation of the title and abstract of these articles revealed 377 case reports, 188 reviews, 32 letters, 34 comments, 63 non-English language studies, 13 pediatric studies, 11 cell studies, and 3 animal studies, and these were excluded from further analysis, leaving 799 papers. Of these 11 were cases series, 69 had included other lymphoma subtypes, 120 papers had not included rituximab-containing regimens, 3 did not report subgroup survival analyses, and 564 did not include the data effect size for gender. All these papers were excluded, leaving 26 papers. However, among these 26 papers, there were no effect size data in cases receiving rituximab according to gender in 5 papers and these papers were thus excluded from further analysis. [Figure 1](#F0001){ref-type="fig"} shows the flowchart of articles included in this meta-analysis. Ultimately, 20 studies were included in this meta-analysis ([Table I](#T0001){ref-type="table"} \[[@CIT0011], [@CIT0017]--[@CIT0035]\]).

![Flowchart of study selection process](AMS-11-25570-g001){#F0001}

###### 

Summary of trials included in the meta-analysis

  Study                    Country         Study design    Total number of patients   Male   Female   Median age   Stage   Median follow-up time \[months\]   Treatment arms    HR (OS)   Value of *p* (OS)   HR (DFS)   Value of *p* (DFS)   HR (EFS)   Value of *p* (EFS)   Study quality score   Conclusion   Ref.
  ------------------------ --------------- --------------- -------------------------- ------ -------- ------------ ------- ---------------------------------- ----------------- --------- ------------------- ---------- -------------------- ---------- -------------------- --------------------- ------------ ------
  Kang, 2013               Korea           Retrospective   567                        288    231                   3--4    33.2                               CHOP-R            0.849     0.354                                               0.866      0.497                7                     NS           14
  Lanic, 2013              France          Retrospective   82                         36     46       80.2         1--4    32.8                               CHOP-R            0.62      0.1                 0.63       0.1                                                  7                     NS           15
  Koh, 2013                Korea           Retrospective   120                        75     45       59.5         1--4    NR                                 CHOP-R            1.621     0.209                                                                               6                     NS           17
  Zho, 2013                China           Retrospective   227                        128    99       53.2         1--4    NR                                 CHOP-R            0.657     0.14                                                                                6                     NS           18
  Aoki, 2013               Japan           Retrospective   109                        61     48       NR           1--4    27                                 CHOP-R            2.1       0.057                                                                               7                     NS           19
  Tomita, 2013             Japan           Retrospective   190                        111    79       63           1--2    52                                 CHOP-R            0.9       0.36                0.7        0.41                                                 8                     NS           20
  Yri, 2013                Norway          Retrospective   340                        192    148      60           1--4    66                                 CHOP-R            1.09      0.7                                                                                 6                     NS           21
  Castillo, 2013 Western   Multicenter     Retrospective   257                        150    107      63           1--4    36                                 CHOP-R            1.42      0.1                                                                                 7                     NS           22
  Castillo, 2013 Asian     Multicenter     Retrospective   455                        247    248      64           1--4    36                                 CHOP-R            1.09      0.61                                                                                7                     NS           22
  Huang, 2012              China           Retrospective   97                         60     37       59           1--4    56                                 CHOP-R            0.55      0.158               0.562      0.168                                                7                     NS           23
  Flowers, 2013            USA             Retrospective   342                        NR     NR       NR           1--4    35                                 CHOP-R            0.97                                                                                          5                     NS           24
  Carella, 2013            Italy, Brazil   Retrospective   1793                       943    850      62           1--4    36                                 CHOP-R            1.52      0.001                                                                               8                     S            25
  Pregno, 2012             Italy           Prospective     88                         41     47       55           1--4    26.2                               CHOP-R                      NR                  1.06       0.895                                                5                     NS           26
  Merli, 2012              Italy           Prospective     110                        55     55       71           1--4    42                                 CHOP-R/miniCEOP   0.96      NR                                                                                  5                     NS           27
  Tanaka, 2012             Japan           Retrospective   95                         50     45       68           1--4    34.5                               CHOP-R            3.636     0.058                                                                               6                     NS           28
  Aoki, 2012               Japan           Retrospective   59                         36     23       71           1--4    70                                 CHOP-R/CVP-R                NR                  0.94       0.912                                                6                     NS           29
  Riihijarvi, 2010         Sweden          Retrospective   217                        126    91       61           1--4    49                                 CHOP-R/CHOEP-R              NR                  0.51       0.014                                                6                     S            11
  Yoo, 2010                Korea           Retrospective   126                        64     52       57           3--4    22.4                               CHOP-R            0.98      0.95                                                1.13       0.76                 7                     NS           30
  Ennishi, 2010            Japan           Retrospective   131                        79     52       68           1--4    32                                 CHOP-R/CHOEP-R    1.44      NR                  1.47                                                            6                     NS           31
  Terada, 2009             Japan           Retrospective   100                        55     45       60           1--4    21.2                               CHOP-R            2.6       0.14                                                                                8                     NS           32
  Chae, 2010               Korea           Retrospective   90                         51     39       58           1--4    27.4                               CHOP-R                      NR                  0.15       0.179                                                6                     NS           33

Quality of papers included in this meta-analysis {#S20011}
------------------------------------------------

Two of 20 studies included in this analysis were prospective and 18 were retrospective. The quality of retrospective studies was evaluated using the Newcastle-Ottawa Scale. In this scale 1--3 is considered as a low quality study, 4--6 as an intermediate quality study and 7--9 as a high quality study. The median Jadad score was 6 and 5 for retrospective and prospective studies, respectively.

Patients {#S20012}
--------

The total number of patients included in this meta-analysis was 5635: 2879 (54.4%) men and 2414 (45.6%) women, giving a female/male ratio of 0.83. (In one study there were 346 patients in the group treated with rituximab, but there was no information about gender.) The median age was 62.9 and rituximab had been used as first-line therapy.

Overall survival, disease-free survival, event-free survival {#S20013}
------------------------------------------------------------

Pooled HR for OS was evaluated in 16 studies and male gender was found to be associated with OS (HR = 1.155; 95% CI: 1.037--1.286; *p* \< 0.009) ([Figure 2](#F0002){ref-type="fig"}). The association between gender and progression-free survival (PFS) was evaluated in eight studies and there was no statistically significant association (HR = 0.849; 95% CI: 0.671--1.074; *p* = 0.171) ([Figure 3](#F0003){ref-type="fig"}). Event-free survival was evaluated in two studies and there was no association between gender and EFS (HR = 0.809; 95% CI: 0.577--1.133; *p* = 0.217) ([Figure 4](#F0004){ref-type="fig"}).

![Meta-analysis of overall survival among patients receiving rituximab according to gender](AMS-11-25570-g002){#F0002}

![Meta-analysis of disease-free survival among patients receiving rituximab according to gender](AMS-11-25570-g003){#F0003}

![Meta-analysis of event-free survival among patients receiving rituximab according to gender](AMS-11-25570-g004){#F0004}

Publication bias {#S20014}
----------------

There was no publication bias for OS (Begg\'s test, *p* = 0.564; Egger test, *p* = 0.557). The funnel plot did not show publication bias for OS ([Figure 5 A](#F0005){ref-type="fig"}). There was no publication bias for PFS (Begg\'s test, *p* = 0.286; Egger test, *p* = 0.254). The funnel plot was symmetric and did not show publication bias for OS ([Figure 5 B](#F0005){ref-type="fig"}). Publication bias could not be determined for EFS because only two studies were evaluated.

![Publication bias determination using funnel plot for (A) overall survival and (B) disease-free survival](AMS-11-25570-g005){#F0005}

Discussion {#S0015}
==========

Male gender has been found to be a bad prognostic indicator for OS in cases treated with rituximab-containing regimens in some studies \[[@CIT0017], [@CIT0018]\]. An OS advantage has been shown in patients with DLBCL treated with rituximab-containing regimens for every age and risk group \[[@CIT0036], [@CIT0037]\].

Immunochemotherapy is the standard of care in patients with DLBCL; however, variable responses have been documented. This means that more sensitive prognostic and/or predictive factors are required. Although it has not been evaluated in all studies, male gender has been found to be a prognostic factor at least in some studies \[[@CIT0038]\]. The relationship between gender and prognosis has been considered in recent years. Although this analysis covers studies between 2002 and 2013, the majority of the studies in this meta-analysis were published in 2013. Male sex has been shown to be a bad prognostic indicator in patients with DLBCL treated with rituximab-containing regimens \[[@CIT0011], [@CIT0027]\].

Prognostic factors in 700 cases from eight centers in Asian and Western countries treated by R-CHOP were compared by Castillo *et al*. They found no difference for PFS and OS, but male sex was found to be a bad prognostic indicator in multivariate analysis of patients of Asian origin \[[@CIT0024]\]. This point is important, and more studies from different countries will be required to evaluate racial differences.

The prognostic role of gender in DLBCL has been reported in only a limited number of papers. In one of these papers, Carella *et al*. investigated the prognostic role of gender in 1793 patients with DLBCL treated with a rituximab-containing regimen between 2001 and 2007. In this study gender was found to be a bad prognostic indicator and the HR was 1.52. A higher dose of rituximab in males was suggested by the authors \[[@CIT0027]\].

Gender was also found to be an independent prognostic factor by Gisselbrecht *et al*. in relapsed/refractory DLBCL treated with rituximab maintenance after autologous stem cell transplantation \[[@CIT0039]\].

Lower serum rituximab levels, shorter exposure times and worse outcome in men were observed in the RICOVER-60, RICOVERnoRTh and pegfilgrastim trials (R1, R2, R3), and the SEXIE-R-CHOP 14 trial has been planned and performed. In the last ASCO conference this study was presented and a significantly improved outcome in male patients was observed with higher rituximab doses (500 mg/m^2^ instead of 375 mg/m^2^) \[[@CIT0040]\]. These results confirm the worse outcome with standard R-CHOP in men.

The mechanism underlying the different prognosis in men and women is not clear. Pharmacokinetic studies suggest that higher serum levels are associated with lower drug clearance in females \[[@CIT0041]\]. Additionally, gender-associated gene polymorphisms may be a contributing factor in the higher response to immune-chemotherapy in females. GSTT1 deletion has been suggested as a causative factor for resistance to R-CHOP and also poor prognosis in male Korean patients \[[@CIT0042]\].

In conclusion, OS was found to be better in female cases than males with DLBCL treated with immunochemotherapy in this meta-analysis. Higher doses of rituximab could be more useful in males; the ongoing SEXI-R-CHOP-14 study will help clarify this point.
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